High blood pressure (BP) is the foremost modifiable risk factor for cardiovascular morbidity and mortality on a population basis. 1 Accurate BP measurement is necessary for the assessment of BP-related cardiovascular risk. However, traditional office methods to assess BP control may provide an inaccurate assessment of underlying BP. 2 A potential alternative to office BP is "automated office BP" (AOBP), which involves repeated, unobserved measures using an automated BP device with the patient resting quietly alone or in the waiting room. 3,4 AOBP returns BP values that are consistently lower than conventional office BP 5-9 and more closely correlated with daytime ambulatory BP (ABP) when compared with office BP. [6] [7] [8] 10, 11 AOBP values are associated with cardiovascular outcomes 12,13 and the protocol is now recommended by some international hypertension guidelines. [14] [15] [16] Currently, there is interest in clinical use of AOBP, in part due to the first large randomized controlled trial to use a version of AOBP (Systolic Blood Pressure Intervention Trial (SPRINT)). The SPRINT study showed that low BP targets were achievable and cardiovascular outcomes were improved with intensive therapy guided by AOBP. 17 However, there is wide diversity in AOBP protocols among the literature, where the number of BP measures vary from 3 to 8, 17,18 and the total measurement duration varies from 5 to 30 minutes. 18, 19 Some of these protocols are not feasible to use in daily practice and there is a need to determine an AOBP protocol that is both accurate and clinically feasible within a reasonable duration. Therefore, the aim of this study was to determine the optimal AOBP protocol to provide the best indication of BP control (compared with daytime ABP) in the shortest duration with the fewest BP measures. 
High blood pressure (BP) is the foremost modifiable risk factor for cardiovascular morbidity and mortality on a population basis. 1 Accurate BP measurement is necessary for the assessment of BP-related cardiovascular risk. However, traditional office methods to assess BP control may provide an inaccurate assessment of underlying BP. 2 A potential alternative to office BP is "automated office BP" (AOBP), which involves repeated, unobserved measures using an automated BP device with the patient resting quietly alone or in the waiting room. 3, 4 AOBP returns BP values that are consistently lower than conventional office BP [5] [6] [7] [8] [9] and more closely correlated with daytime ambulatory BP (ABP) when compared with office BP. [6] [7] [8] 10, 11 AOBP values are associated with cardiovascular outcomes 12, 13 and the protocol is now recommended by some international hypertension guidelines. [14] [15] [16] Currently, there is interest in clinical use of AOBP, in part due to the first large randomized controlled trial to use a version of AOBP (Systolic Blood Pressure Intervention Trial (SPRINT)). The SPRINT study showed that low BP targets were achievable and cardiovascular outcomes were improved with intensive therapy guided by AOBP. 17 However, there is wide diversity in AOBP protocols among the literature, where the number of BP measures vary from 3 to 8, 17,18 and the total measurement duration varies from 5 to 30 minutes. 18, 19 Some of these protocols are not feasible to use in daily practice and there is a need to determine an AOBP protocol that is both accurate and clinically feasible within a reasonable duration. Therefore, the aim of this study was to determine the optimal AOBP protocol to provide the best indication of BP control (compared with daytime ABP) in the shortest duration with the fewest BP measures.
METHODS

Study participants
Data were recorded using the same protocol among 220 people with confirmed or suspected arterial hypertension referred to attend a specialist clinic (n = 147 in Hobart, Australia to a BP clinic at the Menzies Institute for Medical Research, University of Tasmania; n = 73 in Wroclaw, Poland, to a cardiology department of the Wroclaw Medical University). Referrals were made between November 2013 and December 2016. Participants from the Hobart site were referred for examination related to hypertension and participants at the Wroclaw site were referred for a variety of reasons: ischemic heart disease (n = 36), arterial hypertension (n = 18), paroxysmal atrial fibrillation or flutter (n = 7), congestive heart failure (n = 9), ventricular arrhythmia (n = 2), pulmonary embolism (n = 1). Exclusion criteria for this study were atrial fibrillation at the time of assessment or other sustained heart rhythm irregularities or upper limb obstructive atherosclerosis. Either 24-hour ABP or AOBP measures were not available in 31 participants, leaving 189 participants within the primary analysis having complete BP measures. From the Hobart cohort, there were 83 with BP values recorded by the referring general practitioner (in this analysis referred to as doctor-measured BP). These BPs were recorded as part of routine general practice, whereas all other BPs were part of the research study and not measured by doctors.
Study protocol
Participants were instructed to refrain from alcohol consumption and exercise on the day of attending the BP clinic, and to avoid smoking and caffeine consumption 3 hours prior to attendance. Upon arrival, participants completed a health and lifestyle questionnaire (including smoking status, medical history, and medication use) and had standard anthropometric measurements recorded. Two BP measures were recorded on each arm and the arm with the highest average was used for all subsequent BP measures. 16 Participants underwent AOBP and at the end of the clinic visit were fitted with a 24-hour ABP device. Both AOBP and 24-hour ABP were recorded with the same device (Mobilo-graph IEM, GmbH). 20 The study was approved by the University of Tasmania Human Research Ethics Committee (reference H0015480) and the Wroclaw Medical University Bioethics Committee (reference KB-467/2016). All participants provided informed written consent.
Automated office BP
Participants had AOBP recorded while sitting alone in a quiet room. A technician oversaw the conduct of the protocol with all BP measures acquired according to standard guidelines (e.g. appropriate sized cuff, seated with back supported, arm positioned at heart level, feet uncrossed, and flat on the floor). 16 The technician explained the procedure to each participant while they were in a standing position with a BP cuff fitted. After this, participants were asked to be seated, immediately after which the technician started the automated BP device and left the room. The first measure was taken immediately upon starting the BP device and 7 subsequent measures were recorded. Readings were taken at intervals of 2-minutes from the start of 1 reading until the start of the next. After 15 minutes, when 8 measures were taken, the technician returned to the room, and stopped the device. The interval of 2 minutes between readings (rather than 1 minute) was chosen because the BP measurement device took more than 1 minute to take a recording among people requiring a large cuff size.
24-Hour ABP
ABP was conducted according to guidelines, 16 with measures recorded every 20 minutes during the day and every 30 minutes at night. The daytime and nighttime periods were delineated for each individual based upon self-reported sleep and awake times. Participants were instructed to maintain their normal routine and complete a diary of activities.
Determining the optimal AOBP protocol
An exploratory process in which a wide range of different BP values recorded by AOBP were assessed for concordance with daytime ABP. For example, we tested whether only 1 BP reading (at any time point), or the average of more than 1 consecutive BP reading (i.e., either 2, 3, 4, 5, 6, 7, or 8, ±the first BP reading), had the highest concordance with daytime ABP. The optimal AOBP protocol was defined by the best concordance with daytime ABP using a combination of statistical methods. These included the smallest mean difference and smallest SD of the mean difference, together with the highest intraclass correlations (ICC) and the highest sensitivity and specificity for predicting hypertension. The cut points used to define hypertension were ≥135/85 mm Hg for daytime ABP, 16 whereas for AOBP we explored several cut points (e.g., ≥140/90 mm Hg ≥135/85 mm Hg and ≥130/80 mm Hg).
Statistical analysis
All data were analyzed using SPSS for Windows software version 22 (SPSS, Chicago, IL), and represented as mean (95% confidence intervals) or mean ± SD unless otherwise stated. A P value <0.05 was considered statistically significant. One-way analysis of variance with Bonferroni correction was used to compare stepwise changes in AOBP with daytime ABP. Bland-Altman plots were used to visualize the difference between AOBP and daytime ABP, and to check for evidence nonuniformity of SD across the range of BP measurements or evidence of bias. 21 Average-measures ICC (2-way mixed model with absolute agreement) assessed the reliability between AOBP and daytime ABP. Receiveroperator characteristic curves were used to plot the true positive against the false positive rate of daytime ABP hypertension. The area under the receiver-operator characteristic curve assessed the ability for AOBP to determine the overall accuracy for predicting daytime ABP hypertension. Logistic regression models were used to determine the probability of predicting the presence of hypertension from AOBP with daytime ABP as a binary variable as per cut points previously mentioned.
RESULTS
Participant characteristics
Participant characteristics are shown in Table 1 . On average, the study population were of older age, overweight, and most were taking one or more antihypertensive and/or lipid lowering medications.
Optimal AOBP protocol Figure 1 shows the average systolic and diastolic BP values at each time point over the 15-minute AOBP protocol, as well as overall AOBP average and daytime ABP values. Overall, AOBP average was similar to daytime ABP for systolic (134 ± 22 mm Hg and 137 ± 17 mm Hg, P = 0.15) and diastolic BP (82 ± 13 mm Hg and 83 ± 11 mm Hg, P = 0.47). The first AOBP measure was significantly higher than daytime ABP, while AOBP measures taken after 8 minutes (measures 5-8) were significantly lower than daytime ABP (Figure 1) .
Highest concordance between AOBP and daytime ABP was achieved using the average of 2 measures (measurement numbers 2 and 3) taken within 6 minutes and after exclusion of the first AOBP measure (average ± SD AOBP 2 measures 136 ± 23/83 ± 14 mm Hg vs. daytime ABP 137 ± 17/83 ± 11 mm Hg). Of all values assessed, this protocol had the smallest mean difference, together with the best (smallest) limits of agreement, high ICC, and good area under the receiver-operator characteristic curve for detecting hypertension when compared with daytime ABP (Table 2) . Sensitivity analyses between sites were entirely consistent (data not shown). The best AOBP threshold for predicting hypertension according to daytime ABP was 135/85 mm Hg (Table 3) . Doctor-measured BP was significantly higher than daytime systolic ABP (158.9 ± 20.2 mm Hg vs. 141.0 ± 15.6 mm Hg, P < 0.001; n = 83), and diastolic BP was also higher, but of borderline significance (90.1 ± 15.0 mm Hg vs. 86.4 ± 10.7 mm Hg, P = 0.06). The systolic BP and diastolic BP measured by doctor were significantly higher than the BP values measured using the optimal AOBP protocol (17.9 ± 20.3 mm Hg for systolic BP and 4.3 ± 15.2 mm Hg for diastolic BP; P < 0.001 and P = 0.013, respectively; n = 83).
DISCUSSION
The principle finding of this study was that the AOBP protocol with the highest concordance to daytime ABP was derived within a total duration of 6 minutes from the average of 2 measures started after 2 and 4 minutes of seated rest. This finding is important in relation to confirming the feasibility of using AOBP in clinical practice. When using daytime ABP as the reference standard, the level of sensitivity and specificity of AOBP to delineate hypertension was strongest for an AOBP threshold of 135/85 mm Hg (Table 3) . Our data also confirm that doctor-measured BP was significantly higher than both AOBP and daytime ABP. Altogether this study underscores the clinical value of AOBP.
The AOBP method sets out to achieve an indication of an individual's BP control within a relatively short clinic visit. [6] [7] [8] Concordance of AOBP with daytime ABP will be dependent on the number of readings acquired as well as the duration of seating while BP measures are being recorded. Many studies have examined the change in seated BP over time 22 and shown there is a time-dependent fall in BP that reaches a nadir after approximately 15 minutes, but with about 75% of the total BP fall occurring after only 10-minute rest. 23 When the BP operator remains present in the room, the BP recorded after 10-minute rest is more representative of BP control compared to the BP recorded at the 5-minute mark. 24 On the other hand, if the BP operator leaves the room, similar concordance with daytime ABP can be achieved with an AOBP protocol measured over 5 minutes or 10 minutes, and the frequency of measurement (i.e. every 1 or 2 minutes) does not appear to affect accuracy. 19 Our data extend on these observations, by showing that only a short AOBP measurement period is sufficient to attain a good indication of BP control when compared with ABP.
The AOBP cut point with the highest sensitivity and specificity for predicting hypertension based on daytime ABP was ≥135/85 mm Hg, which is consistent with the threshold denoting increased risk for future cardiovascular events, 13 although the discriminatory performance of this threshold in our study was only at the level of "fair" (area under the receiver-operator characteristic curve 0.70; Table 3 ). Similar "fair" discriminatory performance of AOBP was reported among 481 Canadian patients with hypertension using the BPTru device over 5 to 10 minutes. 6 Despite the relatively weak diagnostic performance for AOBP to discriminate ABP thresholds, AOBP values are consistently lower than doctor-measured BP, more strongly correlated with ABP, and closer to the mean BP measured using ABP. 3, 8 This contrast is probably due to the differences between BP measurement methods, whereby AOBP is over a short period of seated rest, whereas ABP is a longer ambulatory protocol. Overall, it could be concluded that the risk related to BP is missed by AOBP methods among some individuals and, therefore, confirmation of BP control using ABP should be performed if feasible. Importantly, changes in AOBP after therapy could be much greater than the response detected with ABP. 25 A strength of this study was the use of the same BP device to measure both AOBP and 24-hour ABP, which removes the possible influence of different AOBP algorithms on the findings and, to our knowledge, only one other study has used this type of protocol. 18 On the other hand, since most participants were treated the findings are not necessarily relevant to making a diagnosis of hypertension. Furthermore, clinical validation of the optimal AOBP protocol by association with markers of target organ damage or cardiovascular events and mortality is an important consideration that others have examined 13 but was outside the scope of this current paper. A drawback of our protocol was that AOBP measurements were programmed for every 2 minutes after starting the initial measurement, and a BP measure was not available each minute or exactly at the 5-minute interval, so we cannot directly compare our findings with other studies in which AOBP measures were available within 5 minutes (and where no BPs were discarded). Nonetheless, our results support that of Myers et al. 19 suggesting a 5 minute AOBP protocol provide similar results to daytime ABP, with BP values recorded outside of this range (using individual or the average of multiple AOBP measurements) potentially leading to an inaccurate representation of daytime ABP.
In summary, this study found that the optimal AOBP protocol with the strongest concordance to daytime ABP was measured within a total duration of 6 minutes from the average of 2 measures started after 2 and 4 minutes of seated rest (discarding the first measure immediately on seating). The AOBP method can be completed within a short time and is feasible in family practice, whether the patient is resting quietly in the waiting room or in a separate examination room. 4 Our confirmation that the AOBP protocol was more accurate than doctor-measured BP for determining BP control by comparison with ABP, emphasizes the value of AOBP in the management of hypertension. Bold formatting denotes the AOBP protocol with the best concordance with daytime ABP. Abbreviations: ABP, ambulatory blood pressure; AOBP, automated office blood pressure; AUC, area under the curve; BP, blood pressure.
